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Summary:

MayoHe is a French island located in the Cornoros archipelago in
the Indian Ocean. Due 10 the high level of resistance to
chloroquine and sulfadoxine-pyrimelhamine in Ihis area, new
therapeutic strategies are required. The aim was to assess and to
document the efficacy of ortemelher-lumekmrrine [Al] combination
in four oral dosages. The follow-up was carried oul during
21 days 10monilor the antimalarial drug efficacy in an open trial
in April-May, 2002. Results were obtained from 51 potients,
aged from three to 46 years (12 % less than five years). No case
of therapeutic failure was observed. At day 2 oher treatment, all
the potients were apyretic and none 01 them had porasitaemia
until day 21. This first therapeutic trial of the Al combination in the
Indian Ocean sub-region shows that this association is safe,
effective and rapid. Al should be an alternative treatment of
uncomplicated malaria onccks in Cornoros Archipelago, and will
be of help to manage imported chloroquine-resistant lalciporum
malaria strains in Madagascar.
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A
n active antimalarial campaign has been run
ning in Mayoue for 25 years. It has been scaled
up over the last five years by: iI a sustainable

antivectorial fight, ii/ the use of dipstick tests and the
early treatment of patients, iii/ an epidemiological sur
veillance system. These actions have reduced the pre
valence of malaria to 2 % of the inhabitants (Roussin
et al., 2002). It is still difficult to envisage the total era
dication of malaria from this Indian Ocean island
because the presence of one among the world best
vector, Anopheles gambiae (Leong Pock Tsy -ei al.,
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Resume: EFFICAClTE DU TRAITEMENT PAR ARTEMETHER-LlI~fEFANTRll\'F.

SUR L'ACCES PALlISTRE SIMPLE A PLASMODllI.l/ FAlClPAR[1,1l A MAYOTTE,

COlLEcnVlTE DEPARTEMF.NTALE FRANc;:AISE OF. l'ARCHIPEL DF-'i COMORES

L'lIe de Mayolte est une col/ectivite deportementale ltancoise dons
/'archipel des Comores 011 les tesistonces porasitologiques a 10
chloroquine et a la sulfadoxine-pyrimethamine ont alteint un haut
niveau, tel qu'une nouvel/e slrategie therapeutique est necessoite.
['objectif de celte etude, realisee entre le 22 avril et le 22 mai
2002, a ele de documenter /'efficacite de f'artemether-Iumefantrine
en quatre doses por voie orale au cours d'un suivi post
therapeutique de 21 jours. Les resultals proviennent de 5 I sujets,
ages de 3 a 46 ans {12 %de moins de cinq ans}. Aucun ecbec
therapeutique n'o ete enregislre. Au jour 2aprf!is le traitement,
tous les potients ont ete apyretiques et, des jours 2 a 2 I,
ptesentoiem une porasitemie nul/e. Ce premier essoi therapeutique
de I'ortemether-lumefantrine dons la sous-region de l'Ocean Indien
montre que l'ossociation est bien toleree, performante el
rapidement efficace. Cene association peul constituer une
olternative au traitemenf des occes po/ustres simples dons
I'Archipel des Comores, et pourra aider a contenir i'impcnauon de
souches chloroquino-resistantes de Plasmodium falciparum a
Iv1odagascar.

MOlS ats: Plasmodium falciparum. pa/udisme, chimialherapie,
arlemether-lumefanlrine, Caartem®, Mayaffe, France.

2003), with high levels of immigration by parasite-car
riers from neighboring islands. The Mayotte health
and social system provides free public care at all
levels. This privilege has attracted numerous immi
grants.

As premunition is low in Mayotte Island, both morbi
dity and mortality due to malaria are a concern for all
age groups. The treatment protocol recommended at
the beginning of 2002 by the Direction des Affaires
Sanitaires et Sociales (DASS Mayotte) was chloroquine
(CQ) as first line treatment and sulfadoxine-pyrime
thamine (SP) as second line, Quinine (Q) was reserved
for severe cases. Up till 1988, CQ was completely effec
tive against Plasmodium falciparum strains isolated in
Mayotte (Iulvez & Galtier, 1989). Recent studies have
shown that the prevalence of the pfcrt and pfdhjr resis
tance genes is high in Mayotte (Durand et al., 2001)
and in the other islands in the Comoros archipelago
(Ariey et al., 2002). Concomitant analysis of medical
files in one of the Mayotte's clinics in January 2002
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showed that CQ treatment failed in 70 % C34 malaria
attacks considered; unpublished DASS Mayotte's data).
In most cases, patients suffered from early treatment
failure. Where CQ treatment failed, the initial use of
SP as a second line of treatment obtained good results.
But the efficiency of SP has been declining in parallel
with increasing use, as noticed in Africa and other
regions of the world (Krogstad, 1996; White, 1992).
This situation has led to the use of a wide variety of
drugs to treat uncomplicated malaria on the island.
Some clinicians still prescribe CQ first, whereas others
prescribe SP, a combination of CQ plus SP or oral qui
nine (Q). Private doctors usually prescribe halofantrine
first.

Thus, in hope to identify a consensual treatment, we
designed a prospective cohort study to evaluate the
efficacy of the arternether-lumefantrine (Al.) for the
treatment of uncomplicated falciparum malaria in
Mayotte. This study reports on the first experience on
antimalarial combination therapy in the Comoros Archi
pelago.

MATERIAL AND METHODS

T his study was carried out from 22 April to 17
May 2002 in Mayotte Island, part of the Comoros
Archipelago using the WHO protocol for moni

toring the antimalarial drug resistance (WHO 1996). All
patients older than two years who attended in the four
periphral health care centers on the island or the out
patient department of Mayotte Hospital were eligible
if they met the following criteria: fever (axillary tem
perature ~ 37.50 C and. < 39S C), acute uncomplicated
P. falciparum infection diagnosed by a dipstick test
based on immunocapture using Plasmodium lactate
deshydrogenase (Diamed OptiMAL', Diamed AG 1785
Cressier Switzerland) (Piper et al., 1999), and confirmed
by a thick blood smear as a P. falciparum monospe
cific infection, living and residing permanently on the
island. Breastfeeding, pregnant women and patients
with signs or symptoms-of severe and complicated
malaria as defined by 'the WHO criteria were excluded
(Warrell et al., 1990). Each patient included completed
a standardized questionnaire, underwent a basic clinical
examination and received paracetamol.

Hour 0 was defined as the time of the first ingested
dosage. Patients received Coartem® (Novartis) in four
oral dosages ingested at 0 hr, 8 hr, 24 hr, and 48 hr
in the presence of a supervisor. One tablet contained
20 mg of artemether and 120 mg of lumefantrine.
Each dosage was composed of two tablets for patients
of 10-14 kg, four tablets for 15-24 kg, six tablets for
25-34 kg, and eight tablets for ~ 35 kg.

Follow up of patients was performed on days 1, 2, 3,
7, 14 and 21. Patients who failed to attend were traced
by a home Visitor. Temperature and parasite density
were measured at each visit. Blood samples were col
lected using venipuncture on days 0 and 3 for dosage
of hemoglobin and glycemia.
Using finger-prick puncture, blood smears were pre
pared for parasite counts on days 0, 1, 2, 3, 7, 14, 21.
All. thick blood smears were Giemsa stained and exa
mined by an experienced microscopist in the following
way: 200 oil-immersion microscope fields were
counted (about 0.5 ml of blood). The ratio of tropho
zoites to leukocytes was established by counting the
trophozoites until 200 leukoeytes had been observed
(if the ratio was ~ 0.01) or from the total number of
trophozoites observed in 200 fields and an estimate of
the average number of leukocytes per microscope
field (if the ratio was < 0.01). Blood films were consi
dered negative if no parasites were seen in 200 oil
immersion fields in a thick blood film. For quality
control, 10 % of enrolled patients were randomly
selected and their thick blood smears were re-checked
by a second microscopist. Because discrepancies were
noted in two subjects, all blood smears were read by
a third qualified microscopist. To search for adverse
effects, thorough examinations were done on each
visit. -Signs and symptoms were recorded on a stan
dard form. All case report forms were reviewed daily.
Adverse effects were defined as signs and symptoms
that first occurred or became more severe after treat
ment started.
Criteria of therapeutic response were early treatment
failure, late treatment failure and adequate clinical res
ponse as defined by WHO (996) protocol (Table O.
Informed consent for participation was obtained from
patients andlor from the legal guardians of minors.
Ethical clearance was provided by the Comite Consul
tatif de Protection des Personnes dans la Recherche
Biomedicale de Bordeaux, France (N° 2002/24 from the
27/03/02).

RESULTS AND DISCUSSION

O ut of the 2500 all mixed attended patients, 55
had a positive dipstick and parasitaemia. Two
persons were excluded (one adult for chole

cystite, and a 12 years old child for his signs were
judged serious) and referred to Mayotte hospital. Fifty
three persons (42 Mill F) were enrolled in the study.
One person was lost to follow-up for missing the third
Al. dose on day 1. One patient 18 years aged (with
negative blood smear from day 3 to 21) was withdrawn
on day 13 for developing a serious adverse event due
to viral meningo-encephalitis, which might have
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Criterion

Early treatment fallure (one of the following conditions from day °to day 3)
Development of danger signs or severe malaria on day I, day 2 or day 3, in the presence of parasitaemia;
Axillary temperature ~ 37.5° C on day 2 with parasitaemia> of day 0 count;
Axillary temperature ~ 37.5° C on day 3 in the presence of parasitaemia;
Parasitaemia on day 3 ~ 25 % of count on day O.

Late treatment fallure (one of the following conditions from day 4 to day 14)
Development of danger signs or severe malaria in the presence of parasiaemia on any day from day 4 to day 14, without previously
meeting any of the criteria of early treatment failure
Axillary temperature ~ 37.5° C in the presence of parasitaemia on any day from day 4 to day 14, without previously meeting any of
the criteria of early treatment failure.

Adequat clinical response (one of the following conditions up to day 14)
Absence of parasitaemia on day 14 irrespective of axillary temperature, without previously meeting any of the criteria of early or late
treatment failure;
Axillary temperature < 37.5° C irrespective of the presence of parasitaemia, without previously meeting any of the criteria of early or
late treatment failure.

Table I. - WHO classification of therapeutic response, 1996.

nothing to do with the treatment itself (after five days
of hospitalization, the patient totally recovered with no
after-effects). Finally, the whole data set consists of
51 patients.
On admission, the mean age and weight (± standard
deviation) were 18.7 (± 10.2) years and 45.6 (± 16.2)
kg; six patients (12%) were children under five. Mean
axillary temperature was 38.6° C, mean glycemia was
0.97 g/liter, mean hemoglobin was 12.1 (± 1.8) g/dl,
and mean parasitaemia was 30,820 asexual parasites/m]
of blood (Table 11). At enrollment, four childreh and
one adult presented with a hemoglobin rate between
5 and 7 g/dl. These were controlled the following days
to ensure that normal levels were restored. Four indi
viduals (7.2 %) have spent the month preceding the
study in the neighboring islands of the Comoros Union.
The AL combination was safe as shown by hernato
crite values on days 0 and 3. One case of post thera
peutic pruritus occurred with an adult.
None of the included cases progressed to severe
malaria. No therapeutic failure, either early or late
was observed. After 24 h's treatment, 14 patients
(26.9 %) were still febrile and only two ones still had
parasites (3.8 %). After 48 h's treatment, all patients
were apyretic and none of them had parasitemia until
the end of the 21 day follow-up period.

This study showed that the AL combination is clinical
and parasitological responsive in treatment of uncom
plicated falciparum malaria in Mayotte Island. This
treatment resulted in excellent parasite clearance, acted
rapidly, resolved the symptoms and was well tolerated,
as reported in other studies (van Vugt et aI., 1999;
Kshirsagar et al., 2000; van Agtmael et al., 1999; Hatz
et al., 1998).

The combination therapy is a strategy in malaria control
that has received much attention recently in multi-drug
resistant areas (White et al., 1999). AL combination is
a rapidly active artemisinin derivative with a longer
acting antimalarial drug. In high transmission area, the
treatment therapy of four dosages gave satisfactory
results. However, in non-immure populations, in South
Eastern Asia, the four dosage therapy knew 20 % of
failure, reduced to 5 % when the dosage was increased
to six (van Vugt et al., 1998; Looareesuvan et al.,
1999). In lack of sufficient data, AL is not recom
mended on pregnant or breast feeding women or on
less than 10 kg child either. But, in addition to the effi
cacy, the easy to take presentation, the availability in
the market, the non cardiotoxicity (van Vugt et al.,
1999) contribute to its good position in combined
treatments.

day 0 dayt day 2 day 3

Parasitaemia (trophozoites/ul) mean (SO) 30,820 (44,537) 280 0,4%) 0 0
Axillary temperature (OC) mean (SO) 38.6 0.2) 37.1 u.n 36.5 (0.5) 36.5 (0.2)

maximum 40.6 40.2 37.6 37.3
Hemoglobin (g/dl) mean (SO) 12.1 u.si Not done Not done 12.4 0.2)

minimum 6.9 7.3
Glycemia (gII) mean (SO) 0.97 (0.2) Not done Not done 1.0 (0.3)

minimum 0.67 0.72

Table 11. - Baseline characteristics of the 51 patients at enrolment for malaria attack, Mayotte, April-May, 2002.
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Beyond the particular interest of the malaria control
health authorities in Mayotte, this study on the AL four
dosages efficacy contributes to the thought on a stra
tegy based on combined treatments in the sub region
of the Indian Ocean including all the islands of the
Comoros Archipelago. It will help also to preserve the
north-western coast of Madagascar (which is the cri
tical area of entry) against the invasion of resistant
strains coming from the Comoros Archipelago.

ACKNOWLEDGEMENTS

W
e would like to thank the patients who
agreed to participate in this study. We are
grateful to Dr M. Vernerey, Director of the

DASS-Mayotte. We are indebted to Drs Marie Ange
Rason, de Carsalade, Garou Peter, Peter Marc, Bacary
Toure, the members of the medical staff from the out
patient department Drs A.M de Montera, Anne Rabii,
Anne de Brettes, Ludovic Durand, Laure Mermet, who
involved themselves in data collection and the biolo
gical staff from the laboratory of Mayotte Hospital, spe
cially Drs Francois Pettinelli, Marie-Edith PettinelJi,
Thierry Benoit-Cattin. Dr PhJippe Mauclere is thanked
for his continuous support and interest during the
study. Dr Daouda Sissokho provided critical reading
of the manuscript. This work was funded by the DASS
Mayotte.

REFERENCES

ARIEY F., RANDRIANARIVELOJOSIA M., DUCHEMIN ).B., RAKOTON
DRAMARINA D., OULEDI A., ROBERT V., JAMBOU R., JAHE
VITRA M., ANDRIANANTENAlNA H., RAHARIMALALA 1. & MAu
CLERE P. Mapping of a Plasmodium falciparum pfcrt K76T
mutation: a useful strategy for controlling chloroquine
resistance in Madagascar. The journal of Infectious
Diseases, 2002, 185, 710-712.

DURAND R., JAFARAI S., BOUCHAUD 0., RALAIMAZAvA P., KEUND
JIAN A. & LE BRAS). Plasmodium falciparum: pfcrt and dhfr
mutations are associated with chloroquine and proguanil
prophilaxis failures in travelers. The journal of Infectious
Diseases, 2001, 184, 1633-1634.

HATZ c., ABDULLA 5., MULL R., SCHELLENBERG D., GATHMANN I.,
KIBATAI.A P., BECK H.P., TANNER M., ROYCE C. Efficacy and
safety of CGP 56697 (arternether and benflumerol) com
pared with chloroquine to treat acute falciparum malaria
in Tanzanian children aged 1-5 years. Tropical Medicine
and International Health, 1998, 3, 498-504.

JULVEZ). & GALTlER). Etude in vivo de la chloroquinoresis
ranee du P. falciparum 11 Mayotte. Medecine Tropicale,
1989, 49, 63-65.

KROGSTAD D.). Malaria as a re-emerging disease. Epidemio
logical review, 1996, 18, 77-89.

KSHIRSAGAR N.A., GOGTAY N.)., MOORTHY N.S., GARG M.R.,
DALVI 5.5., CHOGLE A.R., SORAB]EE ).5., MARATHE S.N., TILVE

G.H., BHATT A.D., SANE S.P.,MULL R & GATHMANN I. A ran
domized, double-blind, parallel-group, comparative safety,
and efficacy trial of oral co-artemether versus oral chloro
quine in the treatment of acute uncomplicated Plasmodium
falciparum malaria in adults in India American journal of
Tropical Medicine and Hygiene, 2000, 62, 402-408.

LEONG POCK Tsv J.M., EUSSA N., OVLEm A., ARIEY F., DUCHEMIN
J.B. & ROBERT V. Caracterisation moleculaire des mous
tiques du complexe Anopheles gambiae a Mayotte et a

-.Grande Comore. Parasite, 2003, 10, 273-276. Erratum
Parasite, 2003, 10, 370.

LooAREESUVAN 5., WILAlRATANA P., CHOKEJINDACHAl W., CHA
LERMRUT K., WERNSDORFER W., GEMPERU B., GATHMANN I. &
ROYCE C. A randomised, double-blind, comparative trial of
a new oral combination of artemether and bentlumetol (CGP
56697) with and mefloquine in the treatment of acute plas
modtum fatciparum malaria in Thailand, Americanjournal
of Tropical Medicine and Hygiene, 1999, 60, 238-243.

PIPER R, LEBRAS)., WENlWORTH 1., HUNT-COOKE A., HOUZE 5.,
CHIODlNI P. & MAKLER M. Immunocapture diagnostic assays
for malaria using Plasmodium Lactate Deshydrogenase
(pLDH) American journal of Tropical Medicine and
Hygiene, 1999, 60, 109-118.

ROUSSIN J.M., HUART V., LEPERE J.F., LE BRAS M.j., ROUSSIN C.
& LE BRAS). Depistage rapide du paludisme et genotypes
de chirnioresistance de Pi falciparum a Mayotte en 2001.
Presse Medicate, 2002, 31, 1312.

VAN AGTMAEL M., BOUCHAUD 0., MALVY D., DELMONT j.,
DANIS M., BARITrE 5., GRAS c., BERNARD )., Touza ).E.,
GAJHMANN I. & MULL R. The comparative efficacy and
tolerability of CGP 56697 (artemether+lumefantrine) versus
halofantrine in the treatment of uncomplicatedfalcipantm
malaria in travellers returning from the Tropics to The
Netherlands and France. International journal ofAntimi
crobial Agents, 1999, 12, 159-169.

VAN VUGT M., BROCKMAN A., GEMPERU B., LUXEMBURGER c.,
GATHMANN I., ROYCE c., SUGHT T., LoOAREESUWAN 5., WHITE
N.j. & NOSTEN F. Randomised comparison of artemether
benflumetol and artesunate-Mefloquine in treatment of
multi-drug resistant falciparum malaria. Antimicrobial
Agents & Chemotherapy, 1998, 42,135-139.

VAN VUGT M., EZZET F., NOSTEN F., GATHMANN I., WILAlRATANA
P., LOOAREESUWAN S. & WHITE N.). No evidence of cardio
toxicity during treatment with artemether-lumefanrine.
American journal ofTropical Medicine and Hygiene, 1999,
61, 964-967.

WARRELL D.A., MOLYNEUX M.E. & BEAl.E..~ P.F. Severe and com
plicated malaria. Transactions of the Royal Society of Tro
pical Medicine and Hygiene, 1990, 84, 1-65.

WHITE N.]. Antimalarial drug resistance: the pace quickens.
Antimicrobial Agents Chemotherapy, 1992, 30, 571-585.

WHITE N.j., NOSTEN F., LOOAREESUWAN 5., WATI<.INS W.M., MARSH
K., SNOW R.W., KOKWARO G., OUMA)., HIEN TT, MOLYNEUX
M.E., TAYLOR TE., NEWBOLD c.r., RUEBUSH TK. 2ND, DANIS
M., GREENWOOD B.M., ANDERSON KM. & OWARO P. Aver
ting a malaria disaster. The Lancet, 1999,353, 1965-1967.

WHO. World Health Organisation Assessment oh therapeutic
efficacy of antimalarial drugs for uncomplicated falci
parum malaria in areas with intense transmission. Report
no. WHO/MALA/96.1077. World Health Organisation,
Geneva, Switzerland, 1996.

Recu le 17 novembre 2003
Accepte le 7 mars 2004

328--------------- Note de recherche
Parasite, 2004, 11, 325-328




